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Abstract 
Sealift vessels are responsible for transporting the bulk of military equipment and 

vehicles overseas. The aim of this research is to develop a hull capable of reaching an 

austere destination at high speed while maintaining the high capacity of a sealift ship. A 

hull form with short longitudinal effective length will generate a high Froude number, of 

approximately 0.7, at the desired cruise velocity. Theoretically, the wake and frictional 

resistances will be reduced as a result. To achieve the large displacement of a useful 

sealift vessel, the hull of the ship will sweep out and back from the centerline of the ship 

so as to maintain the short longitudinal effective length while maintaining an efficient 

bow form. Additionally, this design must be capable of landing at an austere port. The 

austere port is a hypothetical landing site of limited accommodations; superimposing 

limits on the length, beam, and draft of the vessels landing within it. This research seeks 

to develop a virtual hull with the eventual goal of model testing. The virtual model will be 

put through hydrodynamic testing as appropriate for a conceptual ship design at the 

Naval Surface Warfare Center, Carderock Division (NSWCCD). 
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Introduction 
The report summarizes the design work undertaken to develop a TwinTail (TT) hull 
series. There were three primary goals for this hull design. The hull must be capable of: 

1. transporting the required cargo,  
2. traveling at high velocity across various sea states, and  
3. landing at an austere port.  

 
The lead researcher decided that the sealift vessel should have a displacement of at least 
20,000 long tons (44,800,000 pounds). The hull form was also to be designed to travel at 
a cruise speed of 45 knots. Furthermore, the austere port limits the dimensions of the ship 
to be of length less than 650 ft (ideally 500 ft), beam less than 120 ft (ideally 100 ft), and 
a draft of less than 25 ft (ideally 15 ft).  
 
The three primary goals significantly influenced the hullform design and the final design 
represented a compromise between them. The high velocity coupled with the high 
capacity of the ship was possible to achieve by designing the hull to operate at 
supercritical Froude numbers (greater than 0.7) thereby lowering the overall resistance. 

Early Work and Proposed Solutions 
The Rhinoceros 3.0 NURBS modeling program (“Rhino”) was used to generate surfaces 
to simulate the hull of the proposed ship. A destroyer hull, Model 4787 of Series 64, had 
already been modeled and was used as the basis for the experimental hull. The destroyer 
hull was proven to be fast and it was assumed that its profile would be a logical starting 
point for designing a similarly fast ship by changing aspects of the hull (e.g., beam).  
 
Early designs resembled trimarans with a single deck, partially below the water surface to 
increase displacement. After further discussion, the student researchers understood that 
the design would have to be a more streamlined, single hull of a more unique 
configuration. Figure 1 illustrates an early design concept. 
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Figure 1: An early design concept, having three hulls and a deck section designed to be 
partially submerged to increase buoyancy 

Attempts have been made in the past to achieve supercritical Froude numbers to reduce 
overall resistance. The “Sea Slice” vessel (Figure 2) rides on four streamlined submerged 
hulls connected to the dry deck. In contrast, the TwinTail project focused on designing a 
monohull vessel capable of high speed and greater capacity with the ability to dock at 
austere ports. 
 

Figure 2: “Sea Slice” – An implementation of supercritical Froude number in hull design 
(Image courtesy of http://commons.wikimedia.org/wiki/Image:Sea_Slice_returnes_to_homeport.jpg) 
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The proposed method of accomplishing supercritical Froude numbers in the monohull 
was to design it to have a short effective hull length. The effective hull length is the 
length of the ship parallel to the centerline, which is used to calculate the Froude number. 
Usually, the effective hull length is similar to that taken from along the centerline. It is 
possible that this may not be the case, but for experimental purposes, the effective length 
will be assumed to be along the centerline. In order to have the capacity required of a 
sealift ship, this vessel will have its profile stretched aft and out from the short centerline, 
as preliminarily exhibited in Figure 1.  In order for this effective hull length to be valid, 
the researchers felt it important to have the majority of the flow pass under the hull as 
opposed to around it. Thus, the fluid surrounding the vessel traverses a much shorter 
distance in contact with the hull. 
 

 
Figure 3: Illustrative Graph of Resistance Vs. Froude Number with Target Values 

Rhinoceros Surface Modeling 
The task of adequately defining the required volume was one of the most difficult. To 
create a smooth hull, the basic destroyer hull was discarded. Figures 4 and 5 illustrate the 
namesake “twin tails” that are the result of sweeping a hull profile out and back from the 
centerline of the vessel. The mentors for this project supervised the many iterations of 
this design and offered several explanations concerning the vessel’s hydrodynamics. 
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Figure 4: Isometric Underside Views of a Preliminary Hull Form 

 
Figure 5: Dimensioned Underside Views of a Preliminary Hull Form 

 
It should be noted that, even in the current models, the longest longitudinal wetted hull 
section is over 400 ft. However, the centerline wetted hull is relatively short, only about 
330 ft. This centerline length is the basis for the Froude number calculation and is 
theoretically much more significant than the trailing tails, where the hull section is longer. 
It was also decided that this hull model would be fitted with transoms at the ends of the 
tails to allow for 15 ft diameter waterjets. Realistic dimensions very close to the 
constraints of the austere port were chosen and cruise velocity is expected to be between 
35 knots and 45 knots. Present power systems indicate that 45 knots is a fairly unrealistic 
target speed for this size ship. 
 
The models shown in the figures below do not have transoms modeled, but they would 
have if they were to be produced either in model or full scale. These models are also 
colored for the reader's reference, separate colors being used to differentiate between the 
portions above and below the waterline. 
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Figure 6: Isometric and Dimensioned Underside Views of TT001 

The TwinTail hull design designated as TT001 was evaluated using Hydrostatics and 
Flow Code programs. The applied revisions included adding a transom to the area 
between the tails, widening the tails, and further reducing the angle of the bow. This set 
of revisions is referred to as design iteration TT002. 

 

Figure 7: Isometric and Dimensioned Underside Views of TT002 

Hydrostatics Analysis 
The results of the Hydrostatics program are coefficients associated with the dimensions 
of the ship. One of the most useful results is a graph of the cross-sectional area against 
section number. The topmost plot of Figure 8 gives the reader an idea of the distribution 
of cross-sectional area on TT001. After seeing these Hydrostatics results, the mentors 
suggested that the vessel would have better performance if the largest cross-sectional area 
occurred closer to station 10 rather than station 8. 
 

318.341

650.000
458.278

120.301
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Figure 8: Distribution of Sectional Area, Waterline Beam, and Profile versus Station as 

Depicted by Hydrostatics (TT001) 

 
Figure 9: Ship Contours and Coefficients as Depicted by Hydrostatics (TT001) 
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After the revisions discussed in the Rhinoceros Surface Modeling section were made, the 
result was called TT002. It has an interior transom, wider tails, and a more shallow 
entrance angle. The improvements may be partially viewed through a comparison of the 
distribution of sectional area between Figure 8 and Figure 10. Not only has the maximum 
sectional area shifted aft, but the overall distribution is far more even. This should further 
improve the buoyancy characteristics of the hull form. 

 
Figure 10: Distribution of Sectional Area, Waterline Beam, and Profile versus Station as 

Depicted by Hydrostatics (TT002) 
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Flow Code Analysis 
The results of the Flow Code program include a diagram of the hull, colored according to 
a gradient of low-to-high resistances (and accordingly, pressures). Using the diagram 
from TT001, the student researchers were able to implement mentor-suggested 
modifications. Primarily, the areas of concern on TT001 were the area between the tails at 
the end of the centerline, and at the middle portions of the tails. At the lower Froude 
number of 0.45, these areas had high and low resistances (respectively). To remedy these 
stress concentrations, a transom was created between the tails to allow flow separation 
and the tails were widened. To further encourage fluid to flow beneath the hull, the angles 
of the leading portions of the ship were further reduced. 
The Flow Code Analysis of TT002 and subsequent models will help determine whether 
modifying the hull form has made a positive influence. 

Figure 11: Flow Code Analysis of TT001 
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Hydrodynamically-Similar Hull Form 
Dr. Noblesse recommended that a hydrodynamically similar hull be modeled. This meant 
preserving as much as possible the buttocks profile and the basic features of displacement 
and length. It was also deemed important to make the hulls have similar stability 
characteristics. This was achieved by determining the transverse metacenter and 
transverse metacentric height. The transverse metacenter helps give an idea as to the 
rolling or heeling characteristics of the vessel. This hull will be used to compare the TT 
series to more conventional monohulls. 
 

 
Figure 12: Isometric and Dimensioned Underside Views of a Comparison Hull Form 
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Figure 13: Distribution of Sectional Area, Waterline Beam, and Profile versus Station as 

Depicted by Hydrostatics (TTcomp) 

 
 

Future Work 
The design developed requires further iterations to produce a fully satisfactory hull form 
satisfying the design requirements. When the hull form has been adequately modified, a 
model may be made to measure resistance and determine the powering requirements of 
the vessel. 
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Figure 14: John Fishback's Artistic Interpretation of the Completed TwinTail 

Conclusions and Results 
A concept hull form was developed from concept to testing phases. The design is 
undergoing further revisions by Mr. John Fishback during the remainder of his internship 
at NSWCCD. The students represent the educational results of this project. During the 
summer of 2007, the student interns learned about the engineering design processes, how 
to use Rhinoceros to model designs with surfaces, and some critical aspects of hull 
design. In addition, they became familiar with some evaluation software used by naval 
architects at the NSWCCD and how they pertain to ship design. 
 
The results of the project include a series of virtual hull forms (created in Rhinoceros 
3.0), Hydrostatics and Flow Code analyses, and a hydrodynamically-similar hull form for 
comparison purposes. Additionally, this report exists to provide some insight as to the 
work completed by Mr. John Fishback and Mr. Alexander Kan May as NREIP interns 
between May and August of 2007; under the mentorship of Mr. Gabor Karafiath, Dr. 
Francis Noblesse, and Dr. Dane Hendrix. 



Naval Surface Warfare Center Carderock Division 
Naval Research Enterprise Intern Program 

High-Capacity, High-Speed Sealift Hullform 

 12

Appendix 1: Hydrostatics Results 
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